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(54) Optical recording medium, apparatus for and method of manufacturing the same 



(57) The optically recording medium (1 0) is provided 
with: groove tracks (11), on which the record information 
Is recorded in a first region and on which the predeter- 
mined data Is recorded as an embossed pit row (19) In 
a second region so as to prevent another data overwrit- 
ten on the embossed pit row from being read out; a land 
track (12) fomied in the first region and the second re- 



gion between the groove trac!<s adjacent to each other; 
and pre-pits (13, 45, 46) arranged on the land track in 
the first region and the second region and including ad- 
dress information. The pre-pit (45, 46) in the second re- 
gion is formed in a shape different from that (1 3) in the 
first region such that a larger amplitude of a pre-pit de- 
tection signal corresponding to the pre-pit is obtained in 
the second region. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present Invention relates to an optically re- 
cording mediuni. on which infonmatlon can be optically 
recorded, and an apparatus for and a nnethod of manu- 
facturing the sanne. 

2. Description of the Related Art 

[0002] A DVD-RW (DVD-Re-recordable) disc is well 
known as an optically recording medium, on which in- 
fonnation can be optically recorded. Such an optically 
recording medium is provided with: a groove track on 
whk:h the record infonmatlon is recorded; and land pre- 
pits (hereafter, merely referred to as "pre-pits") indicat- 
ing various infomnation, such as addresses and the like, 
each fonned on a land track between adjacent turns of 
the groove track. The groove track has: a first region in 
which the record infomnation is recorded; and a second 
region in which a predetemnined data is formed as an 
embossed pit row to thereby prevent another data over- 
written on the embossed pit row from being read out. 
[0003] A reproducing apparatus for reproducing the 
record infomnation from such an optically recording me- 
dium is designed such that a light spot is iradiated onto 
the groove track, a reflection light reflected on a reflec- 
tion layer is detected by a light detector PD, and the re- 
corded record infomiatlon Is accordingly read in. The 
size of this light spot is designed such that a part thereof 
is also irradiated onto the pre-pit formed adjacent to the 
groove track. Then, the reflection light from the disc is 
detected by the light detector PD to thereby read in the 
record infomnation recorded on the groove and the var- 
ious infomnation such as the addresses and the like on 
the land track. However, the pre-pit fomned on the land 
track in the first region is positioned close to the groove 
track. Thus, the pre-pit formed in the first region has a 
bad influence on an operation for reading a reproduction 
signal of the record infomnation recorded on the groove 
track. So, this applicant has proposed the shape of the 
pre-pit that can minimize such a bad influence, in Jap- 
anese Patent Application Laid Open No. 2000-132868. 
[0004] However, the groove track of the optically re- 
cording medium also Includes the second region In 
which the embossed pit row is recorded. As described 
In the above-mentioned gazette, if the shape of the pre- 
pit in the first region is optimized so as to minimize the 
influence of the pre-pit on the reproduction signal, this 
optimization results in a problem that It is difficult to sat- 
isfy a required value of an aperture ratio ARe (I.e., ARe 
> 30 %) of the pre-pit detection signal in the second re- 
gion where the embossed pit row is formed, which is 
prescribed by a DVD-RW fonnat. The aperture ratio ARe 
Implies the ratio of a minimum amplitude APmin with re- 



spect to a maximum amplitude APmax In a pre-pit de- 
tection signal. 
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[0005] The present invention is proposed in view of 
the above mentioned problems. It is therefore an object 
of the present invention to provide an optically recording 
medium in which the pre-pit fomned in the first region 

10 hardly has the bad Influence on the reproduction signal, 
and It Is possible to easily satisfy the required value of 
the aperture ratio of the pre-pit detection signal in the 
second region, and an apparatus for and a method of 
manufacturing the same. 

15 [0006] The above object of the present invention can 
be achieved by an optically recording medium on which 
record information can be optically recorded, provided 
with: a substrate; a record surface fomned on the sub- 
strate and having a first region where the record infor- 

20 matlon is recorded and a second region where prede- 
tennlned data to control recording and/or reproducing 
the record infomnation is recorded; groove tracks formed 
in the first region and the second region, on which the 
record information is recorded in the first region and on 

25 which the predetemnined data is recorded as an em- 
bossed pit row in the second region so as to prevent 
another data overwritten on the embossed pit row from 
being read out; a land track formed in the first region 
and the second region between the groove tracks adja- 

30 cent to each other; and pre-pits arranged on the land 
track in the first region and the second region and in- 
cluding address Information, which Indicates a record 
position on the groove track, the pre-pit in the second 
region being fomied in a shape different from that in the 

35 first region such that a larger amplitude of a pre-pit de- 
tection signal corresponding to the pre-pit is obtained in 
the second region as compared with that in the first re- 
gion. 

[0007] According to the optically recording medium of 
40 the present invention, the shape of the pre-pit fomned in 
the second region is different from that in the first region, 
so as to obtain the larger amplitude of the pre-pit detec- 
tion signal. Thus, the value of the aperture ratio ARe of 
the pre-pit detection signal in the second region be- 
45 comes larger, which can easily satisfy the required value 
e.g., ARe > 30 % which is prescribed by a DVD-RW for- 
mat. 

[0008] In one aspect of the optically recording medi- 
um of the present Invention, the pre-pit in the first region 

50 is formed so as to minimize an influence of the pre-pit 
on a reproduction signal corresponding to the record in- 
fomnation read out from the groove tracks. 
[0009] According to this aspect, in the first region, the 
influence of the pre-pit on the reproduction signal can 

S5 be minimized while, in the second region, the value of 
the aperture ration ARe can be made certainly large. 
[0010] In another aspect of the optically recording me- 
dium of the present invention, the pre-pit in the second 
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region is formed ionger in a scanning direction than the 
pre-pit In the first region. 

[001 1 ] According to this aspect. In the second region, 
it is possible to Increase the value of the aperture ration 
ARe by virtue of the longer pre-pit fonned in the second 
region. 

[0012] In another aspect of the optically recording me- 
dium of the present Invention, the pre-pit in the second 
region is fonmed deeper than the pre-pit in the first re- 
gion. 

[0013] According to this aspect, in the second region, 
it is possible to increase the value of the aperture ration 
ARe by virtue of the deeper pre-pit fomned In the second 
region. 

[0014] In another aspect of the optically recording me- 
dium of the present invention, the pre-pit in the second 
region is fonned larger in a disc radial direction than the 
pre-pit In the first region. 

[0015] According to this aspect, in the second region, 
it is possible to Increase the value of the aperture ration 
ARe by virtue of the larger pre-pit fonned In the second 

region. 

[0016] In another aspect of the optically recording me- 
dium of the present invention, the second region Is lo- 
cated at an address same as that of a region where re- 
production control information of a recording medium 
dedicated to a reproduction is recorded. 
[0017] According to this aspect, it is protect an RF 
(Radio Frequency) copy e.g.. an RF copy to a DVD-RW 
disc from a DVD-ROM disc. 

[0018] The above object of the present invention can 
be also achieved by an apparatus for manufacturing an 
optically recording medium, on which record information 
can be optically recorded, by using an original disc, pro- 
vided with: a groove track fomning device for fonning 
groove tracks on a surface of the original disc, on which 
the record infomnation is to be recorded in a first region 
and on which predetermined data to control recording 
and/or reproducing the record infonnation is recorded 
as an embossed pit row in a second region, so as to 
prevent another data ovenwritten on the embossed pit 
row from being read out; and a pre-pit fonning device 
for fomning pre-pits aranged on a land track between 
the groove tracks adjacent to each other in the first re- 
gion and the second region and including address Infor- 
mation, which indteates a record position on the groove 
track, the pre-pit forming device fonning the pre-pit in 
the second region in a shape different from that in the 
first region such that a larger amplitude of a pre-pit de- 
tection signal con^esponding to the pre-pit is obtained in 
the second region as compared with that in the first re- 
gion. 

[0019] According to the manufacturing apparatus of 
the present invention, the above described optically re- 
cording medium of the present invention can be surely 
and easily manufactured. 

[0020] In one aspect of the manufacturing apparatus 
of the present Invention , the pre-pit forming device forms 



the pre-pit in the first region so as to minimize an influ- 
ence of the pre-pit on a reproduction signal correspond- 
ing to the record infonnation read out from the groove 

tracks. 

5 [0021] In another aspect of the manufacturing appa- 
ratus of the present invention, the pre-pit forming device 
fonns the pre-pit in the second region longer in a scan- 
ning direction than the pre-pit in the first region. 
[0022] In another aspect of the manufacturing appa- 

10 ratus of the present invention , the pre-pit forming devtee 
forms the pre-pit in the second region deeper than the 
pre-pit in the first region. 

[0023] In another aspect of the manufacturing appa- 
ratus of the present invention, the pre-pit forming devk:e 

IS fomns the pre-pit In the second region larger in a disc 
radial direction than the pre-pit in the first region. 
[0024] In another aspect of the manufacturing appa- 
ratus of the present Invention, the second region Is lo- 
cated at an address same as that of a region where re- 

20 production control Infonnation of a recording medium 
dedicated to a reproduction is recorded. 
[0025] The above object of the present invention can 
be also achieved by a method of manufacturing an op- 
tically recording medium, on which record information 

25 can be optically recorded, by using an original disc, in- 
cluding: a groove track fonning process of forming 
groove tracks on a surface of the original disc, on which 
the record information is to be recorded in a first region 
and on which predetermined data to control recording 

30 and/or reproducing the record Infonnation Is recorded 
as an embossed pit row in a second region, so as to 
prevent another data overwritten on the embossed pit 
row from being read out; and a pre-pit fonning process 
of fonning pre pits arranged on a land track between the 

35 groove tracks adjacent to each other in the first region 
and the second region and including address infonna- 
tion, which indicates a record position on the groove 
track, the pre-pit fonning process fonning the pre-pit in 
the second region in a shape different from that in the 

40 first region such that a larger amplitude of a pre-pit de- 
tection signal corresponding to the pre-pit is obtained in 
the second region as compared with that In the first re- 
gion. 

[0026] According to the manufacturing method of the ' 
45 present invention, the above described optically record- 
ing medium of the present invention can be surely and 
easily manufactured. 

[0027] In one aspect of the manufacturing method of 
the present invention, the pre-pit fonning process fonns 
50 the pre-pit in the first region so as to minimize an influ- 
ence of the pre-pit on a reproduction signal correspond- 
ing to the record infonnation read out from the groove 
tracks. 

[0028] In another aspect of the manufacturing method 
55 of the present invention, the pre-pit fonning process 
fonns the pre-pIt in the second region longer in a scan- 
ning direction than the pre-pit in the first region. 
[0029] In another aspect of the manufacturing method 
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of the present invention, the pre-pit forming process 
forms the pre-pit in the second region deeper than the 
pre-pit in the first region. 

[0030] In another aspect of the manufacturing method 
of the present invention, the pre-pit fomning process s 
forms the pre-pit in the second region larger in a disc 
radial direction than the pre-pit In the first region. 
[0031] In another aspect of the manufacturing method 
of the present invention, the second region is located at 
an address same as that of a region where reproduction 
control information of a recording medium dedicated to 
a reproduction is recorded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] 

FIG.1 is a diagram showing a layout of a physical 
sector in a radius direction on a record surface of 
an optically recording medium used in embodi- 
ments of the present Invention; 
FIG.2 Is a diagram showing a configuration of a 
lead-in area and a control data area of the optically 
recording medium used in the embodiments; 
FIG. 3 is a perspective view showing a structure of 
the record surface of the optically recording medium 
used in the embodiments; 
FIG.4 is a diagram used to describe a pre-pit and a 
frame structure of the physical sector of the optically 
recording medium used in the embodiments; 
FIG.5 is a block diagram showing a schematic con- 
figuration of an apparatus for manufacturing the op- 
tically recording medium in the embodiments; 
FIG.6 is a flowchart used to describe a process of 
cutting an original disc of the optically recording me- 
dium, In the embodiments; 
FIGS.7A, 7B and 7C are diagrams schematically 
showing a groove track and a land pre-pit In a con- 
trol data section in a first embodiment of the present 
Invention; 

FIGs.SA and 88 are diagrams schematically show- 
ing a groove track and a land pre-pit of a control 
data section in a second embodiment of the present 

invention; 

FIG.9 is a diagram schematically showing a groove 
track and a land pre-pit of a control data section in 
a third embodiment of the present invention; and 
FIGs.lOA, 108 and 10C are diagrams schematical- 
ly showing a groove track and a land pre-pit of a 
control data section in a comparison example. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] Preferred embodiments of the present inven- 
tion will be explained below with reference to the draw- 
ings. 

[0034] Before describing the actual preferred embod- 



iments, a comparison example is explained with refer- 
ence to FIGs.lOA, 10B and 10C, so as to explain the 
operational principle and advantageous effect of the 
preferred embodiments. 

[0035] FIG.1 OA is an enlarged view showing a main 
portion of an optically recording medium as the compar- 
ison example, and diagrammaticalty illustrates (i) the 
shapes of groove tracks 11 and pre-pits 13 formed on a 
land track 1 2 in a first region serving as a data area, and 
(ii) the shapes of embossed pit rows 19 and pre-pits 13 
in the second region serving as a control data area. Also, 
FIG.1 OA diagrammatically shows the manner when the 
light spot is in^adiated so as to cover the groove track 11 
and the pre-pit 13, and the reflection light reflected on 
the reflection layer of the optically recording medium Is 
detected by the four-divided light detector PD. On the 
other hand, FIG.1 08 shows a later-described pre-pit de- 
tection signal, and FIG.1 OC shows a sectional view tak- 
en on the line A-A in FIG.1 OA. 
[0036] As shown in FIG.1 OA, in the comparison ex- 
ample, the pre-pits 13 have the same shapes in the first 
region and the second region so as to minimize the In- 
fluence 'on the reproduction signal, irrespectively of the 
region. When the light spot is located at the position of 
the radiation to the pre-pit 13, in four light reception el- 
ements A, B, C and D constituting the light detector PD, 
the optical diffraction phenomenon resulting from the 
groove track 11 and the pre-pit 13 causes the light 
amounts appearing on the light reception elements A 
and D to be decreased, and the light amounts appearing 
on the light reception elements B and C to be increased. 
Thus, typically, the output signals S/^, Sq, Sq and Sc of 
the respective light reception elements A, B, C and D of 
the light detector PD are added and subtracted, such as 
(S/v+Sq)-(Sb+Sq), and accordingly used as the pre-pit 
detection signal. 

[0037] The pre-pit detection signal in the first region 
is changed as shown In a wave fomri view on a left side 
of FIG.1 08. That is. when the light spot Is located on the 
groove track 11, the light reception amounts of the re- 
spective light reception elements A, 8, C and D in the 
light detector PD are substantially equal to each other, 
and the pre-pit detection signal is slightly changed be- 
cause of a noise component at a predetermined level. 
Then, when the light spot is located at a position of a 
radiation to the groove track 11 and the pre-pit 13, the 
detection signals of the respective light reception ele- 
ments of the light detector PD have the relation of 
(Sa+Sd) < (Sg+Sc). So, the pre-pit detection signal is 
changed toward a minus side In a V-shaped manner. 
[0036] On the other hand, the pre-pit detection signal 
in the second region is changed as shown in a wave 
form view on a right side of FIG. 1 0B. When the light spot 
is located on the embossed pit row 19, the pre-pit de- 
tection signal is modulated by the embossed pit row 19 
at a predetermined level. Then, when the light spot is 
located at a position of irradiating the pre-pit 13 and the 
embossed pit row 19, the detection signals of the re- 
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spective light reception elements of the light detector PD 
have the relation of (S^+Sq) < (Sb+Sq). So, the pre-pit 
detection signal is changed toward the minus side in the 
V-shaped manner while receiving the modulation 
caused by the embossed pit row 1 9. The above-men- s 
tloned aperture ratio ARe implies the ratio of a minimum 
amplitude APmIn with respect to a maximum amplitude 
APmax in this pre-pit detection signal. The value of 30 
% or more is required In accordance with the DVD-RW 
format. 

[0039] As mentioned above, the pre-pit detection sig- 
nal severely receives the modulation caused by the em- 
bossed pit row 1 9 in the second region. So. if the pre- 
pit Is formed by considering the bad influence on the re- 
production signal in the first region, both of the minimum 
amplitude APmin and the maximum amplitude APmax 
become low. Consequently, It Is difficult to satisfy a re- 
quired value of the aperture ratio ARe (i.e., ARe > 30 
%). of the pre-pit detection signal in the second region 
where the embossed pit row 1 9 is formed, which Is pre- 
scribed by a DVD-RW format. 
[0040] FIG.1 is a diagram showing a layout of a phys- 
ical sector in a radius direction on a record surface in a 
DVD-RW 10 (hereafter, referred as an optically record- 
ing medium 1 0). In an information area for recording the 
record infonnation, a lead-in area, a data area and a 
lead-out area are fomned in that order to an outer side 
of a radial direction from a start point of the infonnation 
area (a start point of the physical sector) located at the 
disc center. The lead-in area is the region which is firstly 
accessed in recording onto and reproducing from the 
optically recording medium 10. So, the control data, 
which is composed of infonnation with regard to the op- 
tically recording medium 10, various infonnation with re- 
gard to the record data corresponding to a content, and 
the like, Is recorded in the tead-ln area. The data area 
is the region to which a data main body to be recorded 
is recorded. As this data main body, for example, there 
may be video data, audio data, and data or a program 
that can be read by a computer, or the like. The lead- 
out area is the region, to which zero data to indicate an 
end position of the data area Is recorded. 
[0041] FIG.2 shows the lead-in area in detail. The 
lead-in area contains the data, such as a reference 
code, a control data and the like. According to the 
DVD-RW format, the control data important for a record- 
ing and reproducing control Is written to an RW physteal 
fonmat infonnation zone by a phase change pit. On the 
other hand, an embossed pit row composed of the zero 
data, to which an 8-16 modulation has been applied, is 
formed in advance in the control data area located at 
the same address as the control data area In the 
DVD-ROM serving as a record medium dedrcated to a 
reproduction, in order to prevent the control data from 
being recorded onto and reproduced from this region 
(accurately, in order to prevent the data overwritten onto 
this region from being read out). This is intended to pro- 
tect an RF copy to a DVD-RW disc from a DVD-ROIVI 



disc. 

[0042] Hereafter, the data area in which the record in- 
fonnation Is recorded is referred to as a Urst region", 
and the control data area in which the embossed pit row 
is fonned is referred to as a "second region". 
[0043] FIG.3 is a perspective view showing the struc- 
ture of the record surface of the optrcaliy recording me- 
dium 10. In FIG.3, the optically recording medium 10 is 
the optically recording medium of a phase change type, 
which has a multi-layer 14 comprising: a record layer 
made of phase change material (for example, GeSbTe 
and the tike) as a data record layer; and protective layers 
of glass substance (ZnS-SI02) sandwiching this record 
layer, and in which the record information can be re-writ- 
ten. In the optically recording medium 10, there are 
fonmed groove tracks 11 serving as infonnation record 
tracks and land tracks 12 for guiding and introducing a 
light beam B as a reproduction light or a record light to 
the groove tracks 1 1 . Also, the optically recording me- 
dium 10 has a reflection layer 15 for reflecting the light 
beam B when the recorded data Is reproduced, and an 
adhesive layer 18 through which they are adhered to a 
transparent substrate (poly-carbonate) 17. 
[0044] A transparent film (poly-carbonate) 1 6 for pro- 
tecting an input side of the light beam B is placed ther- 
eon. 

[0045] The groove track 1 1 is a concave portion of the 
transparent film 16, so that it Is called as the "groove" 
track while it is convex with respect to the in-adiation side 
of the light beam B. The land track 1 2 is a convex portion 
of the transparent film 1 6, so that it is called as the "land" 
track while it Is concave with respect to the irradiation 
side of the light beam B. 

[0046] A pre-pit 13 corresponding to pre-infomriation 
(I.e., pre-record information) is fonned on the land track 
12. This pre-pit 13 is responsible for the pre-infonnation 
used in the recording and reproducing operation in a re- 
cording and reproducing apparatus for recording onto 
and reproducing from the optically recording medium 
10, namely, it is responsible for the address information 
to recognize a position on the groove track 11 , and the 
synchronization Infonnation. The pre-pit 13 Is formed in 
advance before the shipment of the optically recording 
medium 10. Also, the groove track 11 Is wobbled at a 
frequency corresponding to a rotational speed of the op- 
tically recording medium 1 0. This wobbled groove track 
11 is fonned in advance before the shipment of the op- 
tically recording medium 10, similarly to the pre-pit 13. 
[0047] When the record information (implying the 
record Information, such as picture infomnatlon and the 
like, to be primarily recorded except the pre-information) 
is to be recorded onto the optically recording medium 
10, a wobbling frequency of the groove track 11 is ex- 
tracted to accordingly perform a rotational control for the 
optically recording medium 10 at a predetennined rota- 
tional speed. Then, the pre-pit 13 is detected to thereby 
obtain the pre-infomriation In advance, so that the opti- 
mal output of the tight beam 8 serving as the record light 
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and the like are set on the basis of this pre-informatlon. 
Also, the address infomatton indicating a position on 
the optically recording medium 10 on which the record 
information is recorded and the like are obtained. Then, 
the record infonmatlon is recorded onto the con'espond- 
ing record position, in accordance with this address In- 
formation. 

[0048] Next, the record fomriat of the pre-infomiatlon 
recorded in advance on the optically recording medium 
10 will be described below with reference to FIG. 4. 
[0049] In FIG. 4, the top stage indicates the record for- 
mat in the record infonnation. The wave form on the bot- 
tom two stage lndk:ates the wobbling state of the groove 
track 11 for recording the record infomiation (which cor- 
responds to a plan view of the groove track 11). And, 
the upward arrow between the wobbling state of the 
groove track 11 and the record information grammati- 
cally Indicates a position at which the pre-pit 13 is 
formed. Here, in FIG.4, the wobbling state of the groove 
track 11 is indtoated by using an amplitude larger than 
an actual amplitude, for the easy understanding. The 
record Information Is recorded on a central line of the 
groove track 11. 

[0050] As shown in FIG.4, the record infomnation to 
be recorded onto the optically recording medium 10 is 
divided into each synchronization frame serving as an 
infomnation unit in advance. Then, one recording sector 
is constituted by 26 synchronization frames. Moreover, 
one ECC (Error Connection Code) block is constituted 
by 16 recording sectors. By the way, one synchroniza- 
tion frame has a length equal to 1488 times (1488T) of 
a channel bit length (hereafter, refen-ed to as T) defined 
by the record fomriat when the record infomnation Is re- 
corded. Moreover, the portion corresponding to a length 
of a lead 32T of one synchronization frame is used as 
a synchronization infomnation SY to accomplish a syn- 
chronization for each synchronization frame. 
[0051] On the other hand, the pre-informatlon record- 
ed on the optically recording medium 10 is recorded for 
each synchronization frame. Here, In case that the pre- 
Infomnatlon is recorded on the optically recording medi- 
um 10 by virtue of the pre-pits 13, one pre-pit 13 indi- 
cating a synchronization signal In the pre-infonnatlon Is 
always fomned on the land track 1 2 adjacent to a region 
were the synchronization infomiation SY in each syn- 
chronization frame in the record information is recorded. 
Also, in this case, one or two pre-pits 13 indicating the 
content of the pre-information to be recorded are formed 
on the land track 1 2 adjacent to the former portion within 
the synchronization frame other than the synchroniza- 
tion information SY (as for the former portion within the 
synchronization frame other than the synchronization 
information SY, there may be a case that the pre-pit 13 
is not fomied depending on the content of the pre-infor- 
mation to be recorded). 

[0052] Usually, the pre-pits 13 are fomned only In the 
even-numbered synchronization frames (hereafter, re- 
ferred to as EVEN frames), and the pre-infomnation is 



recorded. That is, in FIG.4, the pre-pits 13 are formed 
in the EVEN frames (indicated by the upward arrows on 
the solid line in FIG.4). On the other hand, the pre-pits 
13 are not fomned in the ODD frames adjacent to them. 

5 In detail, In case that the pre-pits are formed in the EVEN 
frames, all the pre-pits 13 (which are defined as pre-prts 
B2, B1 and BO, wherein they are located in the order of 
the pre-pits B2, B1 and BO from the lead of the synchro- 
nization frame) are fomned in the synchronization frame 

10 ofthe lead of the recording sector. In the synchronization 
frames except the lead of the recording sector, the pre- 
pits B2 and BO are formed when the pre-infomnation to 
be recorded in the synchronization frame is at T, while 
only the pre-pit B2 is fomned when the pre-informatlon 

IS to be recorded Is at "0". 

[0053] Also, in case that the pre-pits are fomned in the 
ODD frames, in the synchronization frame of the lead of 
the recording sector, the pre-prts B2 and B1 are fonned, 
and the synchronization frames except the lead of the 

20 recording sector are similar to the case of the EVEN 
frames. That is, the pre-pit 1 3 has the different meaning 
depending on the pattern of the pre-pit rows B2, B1 or 
BO. 

[0054] By the way, the synchronization frame of the 

25 EVEN frame or the ODD frame in which the pre-pit 13 
is formed is determined depending on the position of the 
pre-pit 13 previously formed on the adjacent land track 
1 2. That is, the pre-pit 1 3 is usually formed in the EVEN 
frame. However, when the pre-pit 13 is fomied in the 

30 EVEN frame, if it Is close to the pre-pit 13 on the previ- 
ously fonmed adjacent land track 12 In the radial direc- 
tion of the optically recording medium 10, the pre-pit 13 
is formed in the ODD frame. Such fomnatlon disables 
the pre-pit 1 3 to exist at the position of the adjacent land 

35 track 12. Thus, the influence caused by cross talk can 
be reduced upon detecting the pre-pit 13. 
[0055] On the other hand, the groove track 1 1 is wob- 
bled at a constant wobbling frequency fO (I.e. , a frequen- 
cy In which a wobble signal corresponding to 8 waves 

40 is included within one synchronization frame) of about 
140 kHz over all the synchronization frames. Then, in 
the recording and reproducing apparatus, this constant 
wobbling frequency fO Is extracted to thereby detect a 
signal for a rotational control of a spindle motor and ac- 

45 cordingly generate a record clock signal. 

[0056] Next, the schematic configuration of an appa- 
ratus 50 for manufacturing an optically recording medi- 
um, which produces an optically recording medium disc 
40 will be described below with reference to a block di- 

50 agram shown in FIG.5. 

[0057] In FIG. 5, the apparatus 50 for manufacturing 
an optically recording medium is provided with a land 
data generator 20, a parallel/serial converter (P/S) 21 , 
a pre-fomnat encoder 22, a waveform shaping circuit 23, 

55 a clock signal generator 24, a light beam generator 25, 
an objective lens 26, a spindle motor 27, a rotation de- 
tector 28, a rotation servo circuit 29, a transferring unit 
30, a position detector 31 , a transfer servo circuit 32, a 
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controller 33, a groove data generator 34, a wobbling 
signal generator 35. a variable gain amplifier 36 and a 
switch 37. 

[0058] The optically recording medium disc 40 is pro- 
vided with a glass substrate 41 and a resist layer 42 
coated on this glass substrate 41 . The resist layer 42 is 
exposed by a light when a light beam Is irradiated as 
described later. Then, an etching process rs performed 
thereon. Accordingly, a pit is formed which has a shape 
corresponding to a change of a strength of the light 
beam. 

[0059] in FIG.5, the land data generator 20 outputs a 
parallel data con'esponding to the pre-pit 13 fomied on 
the land track 1 2, under the control of the controller 33. 
The output parallel data Is converted into a serial data 
by the parallel/serial converter 21 . Then, this serial data 
is inputted to the pre-format encoder 22, A pre-pit for- 
mation signal SL to actually fomn the pre-pit 13 on the 
optically recording medium disc 40 is generated on the 
basis of a pre-f ormatting clock signal sent from the clock 
signal generator 24, and outputted it through the wave- 
form shaping circuit 23 to the light beam generator 25. 
[0060] The waveform shaping circuit 23 varies a pulse 
width of the pre-pit fomnation signal SL outputted from 
the pre-format encoder 22, on the basis of a control sig- 
nal of the controller 33 in order to actually forni the pre- 
pit 13 on the optically recording medium disc 40, and 
outputs it. For example, if the pre-pit 13 is fomried in the 
first region, it outputs the pre-pit formation signal SL as 
it is, in order to fomi the optimized short pre-pit (hereaf- 
ter, referred to as a short LPP) so as not to exert any 
bad influence on the reproduction signal. On the other 
hand, if the pre-pit 13 is fonned in the second region, it 
widens each pulse width of the pre-pit fomnation signal 
SL on the basis of the control signal of the controller 33, 
in order to fomn the optimized long pre-pit (hereafter, re- 
ferred to as a long LPP) so as to increase an amplitude 
of the pre-pit detection signal, and outputs it. 
[0061] On the other hand, the groove data generator 
34 generates a groove formation signal SG including a 
record data fomfied as the embossed pit row and the 
groove track 11 , under the control of the controller 33, 
and outputs as a control signal with regard to the switch 
37. In short, the switch 37 Is turned ON/OFF in accord- 
ance with an output signal of the groove data generator 
34. 

[0062] The wobbling signal generator 35 generates 

the wobbling signal in order to give a slight wobbling to 
the groove track 1 1 . This wobbling signal is outputted to 
the switch 37 through the variable gain amplifier 36 con- 
trolled to a predetemiined gain by the controller 33. The 
wobbling signal and a ground level are inputted to the 
switch 37, and a switching control is carried out on the 
basis of the groove data outputted from the groove data 
generator 34. Accordingly, the groove fomiation signal 
SG to actually fonri the shape of the groove track on the 
optically recording medium disc 40 Is outputted to the 
light beam generator 25. 



[0063] The 1 ight beam generator 25 outputs to the op- 
tically recording medium disc 40 the light beam to fomn 
the pre-pit 13 and the groove track 11 . The light beam 
generator 25 is designed so as to irradiate onto the op- 

5 tically recording medium disc 40 the light beam (indicat- 
ed by the dotted line in FIG.5) to form the groove track 
11 and the light beam (indicated by the solid line in FIG. 
5) to form the pre-pit 13. at a predetemnined interval 
(which is an interval between a central line of the groove 

10 track 11 to be formed and a central line of the pre-pit 13 
to be fomried). The light beam to form the groove track 
11 is controlled on the basis of the groove fomiation sig- 
nal SG. The light beam to form the pre-pit 13 is control- 
led on the basis of the pre-pit formation signal SL. Both 

15 the beams are collected through the objective lens 26 
onto the optically recording medium disc 40. 
[0064] The optically recording medium disc 40 is ro- 
tatlonally driven by the spindle motor 27. The rotation 
detector 28 detects the rotation of the optically recording 

20 medium disc 40. The rotation servo circuit 29 controls 
the rotation of the spindle motor 27, on the basis of the 
output of the rotation detector 28. 
[0065] The position detector 31 detects the position 
of the transfemng unit 30, and outputs the detection sig- 

25 nal to the transfer servo circuit 32. The transfer servo 
circuit 32 obtains the positional information of the trans- 
ferring unit 30, on the basis of the detection signal from 
the position detector 31 , and controls the movement of 
the transferring unit 30, in accordance with the obtained 

30 positional information. 

[0066] The portions serving as the continuous 
grooves, the embossed pit rows and the pre-pits In the 
optically recording medium disc 40 are exposed by the 
light beams by the execution of the above-mentioned 

35 operations. The optically recording medium disc 40 
serving as the cutting die to manufacture the optically 
recording medium 10 is made by the execution of the 
predetermined etching process. After that, a stumper 
disc is formed in accordance with the optically recording 

40 medium disc 40. Then, a large number of optically re- 
cording mediums 10 according to the present Invention 
are manufactured in accordance with the known repli- 
cation process. 

[0067] Next, the cutting process for the optically re- 
45 cording medium disc 40 carried out by the apparatus 50 
for manufacturing the optically recording medium in this 
embodiment will be described below with reference to 
a flowchart shown in FIG.6. By the way, this process is 
carried out under the management of the controller 33 
50 in accordance with a control program recorded in a 
memory (not shown). 

[0068] As shown in FIG. 6, the controller 33 of the ap- 
paratus 50 for manufacturing the optically recording me- 
dium according to this embodiment sets the groove data 
55 generator 34 to a continuous groove mode as an initial- 
ization setting at a step SI . In short, the controller 33 
sets it at a state in which the switch 37 is fixed to an "a" 
side. Also, the controller 33 sets the gain of the variable 
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gain amplifier 36 to "1 " time, and also outputs the parallel 
data corresponding to the short LPP to the land data 
generator 20. Then, at the step S2, the controller 33 
starts fonfning the groove track and recording the short 
LPP. 

[0069] Then, at a step S3, the controller 33 always 
monitors whether or not a region currently being record- 
ed becomes the control data area. If It is judged that the 
region currently being recorded becomes the control da- 
ta area (step S3: YES), the operational flow proceeds 
to a step S4. At the step S4, the controller 33 instnjcts 
the groove data generator 34 to generate the zero data, 
which has been 8-16 modulated, as the groove data, 
and output it as the control signal to the switch 37. Also, 
the controller 33 sets the gain of the variable gain am- 
plifier 36 to "1 .3" times, and also controls the waveform 
shaping circu'1 23 so that the pulse width is wider than 
the short LPP at the Initial setting. 
[0070] By the way, the reason why the gain of the var- 
iable gain amplifier 36 is increased Is that, when the re- 
producing apparatus reproduces the second region on 
which the embossed pit row 19 is fomied, a level of a 
push-pull signal containing the wobbling signal is 
dropped, which results in a problem of an interference 
with a servo operation of the reproducing apparatus. As 
the countemneasure, the gain of the variable gain am- 
plifier 36 is increased, and the embossed pit row 19 is 
fornned at the wobbling amplitude larger than the wob- 
bling amplitude of the groove track 11 . 
[0071] Then, at a step S5, the controller 33 starts 
forming the embossed pit row 1 9 and recording the long 
LPP 

[0072] Then, at the step S6, the controller 33 always 
monitors whether or not the region cun^ently being re- 
corded becomes the buffer area. If the region cun^ently 
being recorded becomes the buffer area (step S6: YES), 
the operational flow proceeds to a step S7. At the step 
S7, the controller 33 returns the settings to the initial set- 
tings done at the step SI , and the operational flow pro- 
ceeds to a step S8. 

[0073] At the step SB, the controller 33 always moni- 
tors whether or not the region cun'ently being recorded 
becomes the outermost portion. If the region currently 
being recorded becomes the outemnost portion (step 
S8: YES), the controller 33 cames out a stop control, to 
thereby stop the above-mentioned series of cutting op- 
erations. 

[0074] Next, the configuration of the optically record- 
ing medium 10 manufactured by using the optically re- 
cording medium disc 40 cut by process in the apparatus 
50 for manufacturing the optically recording medium as 
mentioned above will be described below with reference 
to FIGS.7A, 7B and 7C. By the way, FIG.7A is an en- 
larged view showing the main portion of the optically re- 
cording medium 10, and it grammatically shows the 
shapes of the groove track 11 and the pre-pit 12 in the 
first region serving as the data area, and the shapes of 
the embossed pit row 19 and a pre-pit 45 in the second 



region serving as the control data area. FIG.7B shows 
a pre-pit detection signal. And, FIG.7C is a sectional 
view taking on the line B-B In FIG.7A. 
[0075] In the first region of the optically recording me- 

5 dium 10, the continuous groove tracks 11 are formed. 
The pre-pit 13 whose length in a scanning direction (in- 
dicated by an arrow T in FIG.7A) is L1 Is fomied on the 
land track 12 arranged between the groove tracks 11. 
This length L1 of the pre-pit 13 is detemiined so as not 

10 to exert the bad influence on the reproduction signal of 
the groove track 11 . 

[0076] On the other hand, in the second region, the 
embossed pit rows 19 each having a depth Ed (e.g., 30 
nm) are formed at positions corresponding to the groove 
15 tracks 11 . The pre-pit 45 having a length L2 (L2 > LI ) is 
fomied on the land track 12 arranged between the em- 
bossed pit rows 19. 

[0077] According to this optically recording medium 
1 0, the depth Pd2 of the pre-pit 45 in the second region 

20 is equal to the depth Ed (e.g. , 30 nm) of the embossed 
pit row 19, as shown in FIG.7C. Also, the depth Pd1 of 
the pre-pit 1 3 in the first region is also equal to the depth 
Ed (e.g., 30 nm) of the embossed pit row 19. In short, 
according to the this optically recording medium 1 0, the 

25 pre-pit 45 formed in the second region differs from the 
pre-pit 13 formed in the first region, only in its length. 
[0078] According to this optically recording medium 
10, when the light spot is located at a position at which 
it covers the pre-pit 45 and the embossed pit row 1 9. the 

30 changes in the signals of the light reception elements A, 
B, C and D caused by the diffraction of the light become 
large. In short, the output signals of the light reception 
elements A and D become smaller, and the output sig- 
nals of the light reception elements B and C become 

35 larger. Thus, the amplitude of the pre-pit detection signal 
In the second region is larger than that of the comparison 
example shown on the right side of FIG.10B, as shown 
in the wave form view on the right side of FIG.7B. Con- 
sequently, the ratio of APmin with respect to APmax be- 

40 comes large, which can satisfy the value of the aperture 
ratio ARe (I.e., ARe > 30 %) defined by the DVD-RW 
fomiat. By the way, associated with the fact that the 
length L2 of the pre-pit 45 is longer, the influence caused 
by the pre-pit 45 is induced in the reproduction signal to 

45 the embossed pit row 19. However, this has little or no 
problem since the reproduction signal with respect to the 
embossed pit row 19 exists as the noise Impeding the 
operation for reading out the data overwritten on the em- 
bossed pit row 19. 

50 [0079] Next, an optically recording medium 60 ac- 
cording to a second embodiment of the present inven- 
tion will be described below with reference to FIGs.SA 
and SB. FIG.8A is an enlarged view showing the main 
portion of the optically recording medium 60, and dia- 

55 grammatically shows the shapes of the groove track 1 1 
and the pre-pit 13 in the first region and the shapes of 
the embossed pit row 19 and a pre-pit 46 in the second 
region. FIG.SB is a partially sectional view of the opti- 
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cally recording medium 60. 

[0080] According to this opticaily recording medium 
60, in the first region, the continuous groove tract(s 11 
are formed as shown In FIG.BA, and the pre-pit 1 3 hav- 
ing the length LI and the depth Pdl (e.g., 30 nm) are 
fomied on the land tracl< 12. 
[0081] On the other hand, in the second region, the 
embossed pit row 19 having the depth Ed (e.g., 30 nm) 
Is fomned, and the pre-pit 46 having the same length 12 
as the pre-pit 13 and the depth Pd2 (e.g., 40 nm) is 
formed on the land track 1 2. 

[0082] According to this optically recording medium 
60, the depth Pdl (e.g., 30 nm) of the pre-pit 13 in the 
first region is shallower than the depth Pd2 (e.g., 40 nm) 
of the pre-pit 46 in the second region. Thus, similarly to 
the first embodiment, when the light spot is located at a 
position covering the pre-pit 46 and the embossed pit 
row 19, the changes in the signals of the light reception 
elements A, B, C and D caused by the diffraction of the 
light become large. In short, the output signals of the 
light reception elements A and D become smaller, and 
the output signals of the light reception elements B and 
C become larger. Hence, the pre-pit detection signal in 
the second region is largely changed toward the minus 
side. So, the ratio of APmin with respect to APmax be- 
comes large, which can satisfy the value of the aperture 
ratio ARe (i.e., ARe > 30 %) defined by the DVD-RW 
fonmat. 

[0083] Next, an optically recording medium 70 ac- 
cording to a third embodiment of the present invention 
will be described below with reference to FIG. 9. FIG. 9 
is an enlarged view showing the main portion of the op- 
tically recording medium 70. 
[0084] According to the optically recording medium 
70, In the first region, the continuous groove tracks 11 
are fomned and a circular pre-pit 47 having a diameter 
D1 is formed on the land track 12 as shown in FIG.9. 
[0085] On the other hand, in the second region, the 
embossed pit rows 1 9 are fomned, and a circular pre-pit 
48 having a diameter D2 (D2 > D1 ) is formed on the land 
track 12. 

[0086] According to this optically recording medium 
70, the pre-pit 48 in the second region is fomried larger 
than the pre-pit 47 In the first region, in the radius direc- 
tion of the optically recording medium 70. Thus, similarly 
to the first embodiment, the changes in the signals of 
the light reception elements A, B, C and D caused by 
the diffraction of the light become large. In short, the out- 
put signals of the light reception elements A and D be- 
come smaller, and the output signals of the light recep- 
tion elements B and C become larger. Hence, the pre- 
pit detection signal in the second region is largely 
changed toward the minus side. So. the ratio of APmin 
to APmax becomes large, which can satisfy the value 
of the aperture ratio ARe (i.e., ARe > 30 %) defined by 
the DVD-RW format. 

[0087] As mentioned above, according to the third 
embodiment, the shape of the pre-pit formed In the sec- 



ond region is formed so as to obtain the larger amplitude 
of the pre-pit detection signal. Thus, this can satisfy the 
value of the aperture ratio ARe (i.e., ARe > 30 %) re- 
quired by the DVD-RW fonmat. 

5 [0088] By the way, the present invention is not limited 
to the above-mentioned respective embodiments. Vari- 
ous variations may be embodied. For example, accord- 
ing to the first embodiment, only the length of the pre- 
pit in the second region is longer than that of the pre-pit 

10 in the first region. However, as illustrated in the second 
embodiment, at the same time, its depth of the pre-pit 
in the second region may be deeper than that in the first 
embodiment. 

[0089] Also, the optically recording medium according 
'5 to the embodiment of the present invention is the 
DVD-RW disc. However, the present invention can be 
applied to various recording media, such as an applica- 
tion to DVO-R serving as a write-once-type recording 
medium and the like. 

20 

Claims 

1 . An optically recording medium (10, 60, 70) on which 
25 record infomnation can be optically recorded, char- 
acterized In that said optically recording medium 

comprises; 

a substrate (1 6); 
30 a record surface formed on said substrate and 

having a first region where the record infonma- 
tion is recorded and a second region where pre- 
determined data to control recording and/or re- 
producing the record information is recorded; 
35 groove tracks (1 1 ) fomned in the first region and 

the second region, on which the record infor- 
mation is recorded in the first region and on 
which the predetemnined data is recorded as an 
embossed pit row (1 9) in the second region so 
40 as to prevent another data ovenwritten on the 

embossed pit row from being read out; 
a land track (12) fomied in the first region and 
the second region between said groove tracks 
adjacent to each other; and 
45 pre-pits (13, 45, 46, 48) arranged on said land 

track in the first region and the second region 
and Including address infomnation, which indi- 
cates a record position on said groove track, 
the pre-pit (45, 46) in the second region being 
50 fomned in a shape different from that (1 3, 47) In 

the first region such that a larger amplitude of 
a pre-pit detection signal corresponding to the 
pre-pit Is obtained In the second region as com- 
pared with that in the first region. 

55 

2, An optically recording medium (10, 60, 70) accord- 
ing to claim 1 , characterized In that the pre-pit (1 3, 
47) in the first region is f onmed so as to minimize an 
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influence of the pre-pit on a reproduction signal cor- 
responding to the record infomnation read out from 
said groove tracks (11). 

3. An optically recording medium (10) according to 
claim 1 or 2, characterized in that the pre-pit (45) 
in the second region Is formed longer in a scanning 
direction than the pre-pit (13) in the first region. 

4. An optically recording medium (60) according to 
claim 1 or 2, characterized In that the pre-pit (46) 
in the second region is formed deeper than the pre- 
pit (13) In the first region. 

5. An optically recording medium (70) according to 
claim 1 or 2, characterized In that the pre-ptt (48) 
in the second region Is fornied larger in a disc radial 
direction than the pre-pit (47) In the first region. 

6. An optically recording medium (10, 60, 70) accord- 
ing to any one of claims 1 to 5, characterized in 
that the second region is located at an address 
same as that of a region where reproduction control 
Infomnation of a recording medium dedicated to a 
reproduction is recorded. 

7. An apparatus (50) for manufacturing an optically re- 
cording medium (10, 60, 70), on which record infor- 
mation can be optically recorded, by using an orig- 
inal disc (40), characterized in that said manufac- 
turing apparatus comprises: 

a groove track fonming device (33 to 37) for 
forming groove tracks (11) on a surface of said 
original disc, on which the record infomnation is 
to be recorded in a first region and on which 
predetennined data to control recording and/or 
reproducing the record infomnation is recorded 
as an embossed pit row (1 9) in a second region, 
so as to prevent another data overwritten on the 
embossed pit row from being read out; and 
a pre-pit fomning device (20 to 23, 33) for form- 
ing pre-pits (13, 45 to 48) arranged on a land 
track (12) between said groove tracks adjacent 
to each other in the first region and the second 
region and Including address infomnation, 
which Indtoates a record position on said 
groove track, 

said pre-pit fomning device forming the pre-pit 
in the second region in a shape different from 
that in the first region such that a larger ampli- 
tude of a pre-pit detection signal con-esponding 
to the pre-pit Is obtained in the second region 
as compared with that in the first region. 

8. A manufacturing apparatus (50) according to claim 
7. characterized In that said pre-pit fonning device 
(20 to 23, 33) fomis the pre-pit (13, 47) In the first 



region so as to minimize an influence of the pre-pit 
on a reproduction signal corresponding to the 
record Information read out from said groove tracks 
(11). 

5 

9. A manufacturing apparatus (50) according to claim 
7 or 8, characterized in that said pre-pit fomning 
device (20 to 23, 33) forms the pre-pit (45) in the 
second region longer in a scanning direction than 

10 the pre-pit (1 3) in the first region. 

10. A manufacturing apparatus (50) according to claim 
7 or 8, characterized In that said pre-pit forming 
device (20 to 23. 33) forms the pre-pit (46) In the 

15 second region deeper than the pre-pit (13) in the 
first region. 

11. A manufacturing apparatus (50) according to claim 
7 or 8, characterized in that said pre-pit fomning 

20 device (20 to 23, 33) fomns the pre-pit (48) in the 
second region larger in a disc radial direction than 
the pre-pit (47) in the first region. 

12. A manufacturing apparatus (50) according to any 
25 one of claims 7 to 1 1 , characterized i n that the sec- 

ond region Is located at an address same as that of 
a region where reproduction control Infomnation of 
a recording medium dedicated to a reproduction is 
recorded. 

30 

13. A method of manufacturing an optically recording 
medium, on which record Information can be opti- 
cally recorded, by using an original disc (40), char- 
acterized in that said manufacturing method com- 

35 prises: 

a groove track forming process of forming 
groove tracks (11) on a surface of said original 
disc, on which the record information is to be 
40 recorded in a first region and on which prede- 

termined data to control recording and/or repro- 
ducing the record infomnation is recorded as an 
embossed pit row (19) in a second region, so 
as to prevent another data overwritten on the 
45 embossed pit row from being read out; and 

a pre-pit fomiing process of forming pre-pits 
(13, 45 to 48) arranged on a land track (12) be- 
tween said groove tracks adjacent to each oth- 
er in the first region and the second region and 
50 including address infomnation, which indicates 

a record position on said groove track, 
said pre-pit fomning process fomning the pre-pit 
In the second region In a shape different from 
that in the first region such that a larger ampli- 
55 tude of a pre-pit detection signal corresponding 

to the pre-pit is obtained in the second region 
as compared with that in the first region. 
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14. A manufacturing method according to claim 13, 
characterized in tliat said pre-pit forming process 
fomis the pre-pIt (13. 47) in the first region so as to 
minimize an influence of the pre-pit on a reproduc- 
tion signal corresponding to the record infonnation s 
read out from said groove trades. 

15. A manufacturing method according to claim 13 or 
1 4, characterized in that said pre-pit forming proc- 
ess fonns the pre-pit (46) in the second region long- io 
er in a scanning direction than the pre-pit (13) in the 
first region. 

16. A manufacturing method according to claim 13 or 

14, characterized in that said pre-pit fonning proc- ^5 
ess fonms the pre-pit (46) in the second region 
deeper than the pre-pit (13) in the first region. 

17. A manufacturing method according to claim 13 or 

14, characterized In that said pre-pit fonning proc- 20 
ess fonms the pre-pit (48) in the second region larg- 
er in a disc radial direction than the pre-pit (47) in 
the first region. 

18. A manufacturing method according to any one of 25 
claims 13 to 1 7. characterized in that the second 
region is located at an address same as that of a 
region where reproduction control information of a 
recording medium dedicated to a reproduction is re- 
corded. 30 
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